ABSTRACT. The fission yeast
Cytokinesis, the process of division of one cell into two daughter cells, is achieved through constriction of a medially placed actomyosin ring in the fission yeast Schizosaccharomyces pombe. The essentiality of the motor protein myosin in this process has been demonstrated in all cells bound by a flexible perimeter including fission yeast, some lower eukaryotes, and all animal cells (Satterwhite and Pollard, 1992) . A native myosin molecule consists of two identical heavy chains, each of which has an amino-terminal motor domain, a central neck region that binds an essential and a regulatory light chain at consensus sites known as IQ domains and a carboxy-terminal region that mediates dimer formation or cargo transport. ATP-driven conformational changes in the N-terminal motor domain catalyze the movement of the myosin molecule along actin filaments, generating a force in the process.
Comparison of sequences of 144 myosins from public databases have resulted in the division of the myosin superfamily into 17 different classes (Korn, 2000) (J. Cope and T. Hodge, The Myosin Home Page, http://www.mrclmb.cam.ac.uk/myosin/myosin.html). Representatives of 3 of these classes (types I, II & V) have been characterized in S. pombe. The type I myosin Myo1p has been shown to play a role in polarized cell growth and actin patch mobilization (Lee et al., 2000) . Of the two type II myosins, Myo2p is an essential component of the cytokinetic actomyosin ring and has been proposed to provide the contractile force for cytokinesis Kitayama et al., 1997; May et al., 1997) . The second type II myosin in S. pombe, Myp2p, which localizes to the ring at a much later stage of cytokinesis, and is required under conditions of stress, has been proposed to increase the efficiency of cytokinesis (Bezanilla et al., 1997; May et al., 1998; Motegi et al., 1997) . One of the type V myosins in S. pombe, Myo51p, has been found to be a dispensable component of the cytokinetic actomyosin ring, while the second type V myosin, Myo52p, has been implicated in vesicular transport of cell-wall material towards the cell tips and division site in cytokinetic cells (Motegi et al., 2001; Win et al., 2001) .
Increasing evidence suggests that myosin-associated light chains modulate disparate aspects of myosin function in yeast when compared to muscle myosin. Binding of the light chains to the IQ domains in muscle myosin has been shown to alter the orientation of the myosin head in scallop myosin (Fromherz and Szent-Gyorgyi, 1995) . Phosphorylation of the light chains in non-muscle myosins in higher vertebrates has been shown to regulate properties such as myosin-actin interaction and the aggregation of myosins into filaments (Kendrick-Jones J et al., The Myosin Superfamily, http://www.mrc-lmb.cam.ac.uk/myosin/Review/Reviewframeset.html). Myosin-associated light chains in yeast affect the assembly of type II myosin and actin into a functional actomyosin ring. Two putative light chains, Cdc4p and Rlc1p, associated with Type II myosin, Myo2p, in S. pombe have been characterized. The EF-hand protein Cdc4p has been proposed to serve as the Myo2p essential light chain based on its sequence similarity to other myosin light chains, localization to the contractile ring and association with myosin as indicated by co-immunoprecipitation experiments (McCollum et al., 1995; Naqvi et al., 1999) . Cells lacking Cdc4p fail to form a recognizable ring structure and arrest at cytokinesis as elongated cells with irregular morphology, multiple nuclei and delocalized septa (McCollum et al., 1995) . While Cdc4p has been shown to be phosphorylated on either Ser2 or Ser6 but not both, this modification has been found to be nonessential for the function of the protein in vivo (McCollum et al., 1999) . Rlc1p, the regulatory light chain in S. pombe Myo2p, has been shown to be necessary for cytokinesis at lower temperatures (Le Goff et al., 2000; Naqvi et al., 2000) . Rlc1p has been demonstrated to relieve the autoinhibition of type II myosin imposed by its IQ2 domain .
The work described was undertaken to further our understanding of the roles played by myosin light chains in S. pombe. For example, does the IQ1 domain behave in an autoinhibitory manner analogous to that observed for the IQ2 domain? . A synthetically lethal genetic interaction has been observed between the S. pombe IQGAP protein Rng2p and the essential light chain Cdc4p (Eng et al., 1998) . Is this reflective of a physical interaction between the two proteins? Cdc4p has been proposed to behave as both a regulatory and an essential light chain Slupsky et al., 2001) . Do Rlc1p and Cdc4p perform redundant functions? Our investigation, as detailed in this study, suggests that while the IQ1 domain may well function in an autoinhibitory manner, Cdc4p is capable of binding to the IQ2 domain as well, albeit inefficiently and has more diverse binding partners that have been implicated in cytokinesis.
Materials and Methods

Strains and Media
The genotypes of the S. pombe strains used in this study are: ura4-D18 leu1-32, h - (Prentice, 1992) . Yeast strains were grown on YES medium or minimal media with appropriate supplements.
Deletion of IQ motifs of myo2 +
A 4.4 kb NheI-SmaI fragment of myo2 + was cloned into the XbaI-SmaI sites of pJK210 (Keeney and Boeke, 1994) to generate pCDL 617. PCR primers MOH805 (5'-GACGATAAA-GAGAACTTTG) and MOH806 (5'-GCGCGCACTAGTCAT-AGTCATCAGTCTTTG) were used to generate a 1.3-kb fragment encompassing nucleotides 979 to 2293 of the myo2 + gene. PCR primers MOH807 (5'-GCGCGCACTAGTAAAATTTTT-CAAAAGCGATTGAAG) and MOH808 (5'-CTCGATACCTTA-TTAGAG) were used to generate a 1.4-kb fragment encompassing bases 2325 to 3711 of the myo2 + gene. Restriction enzyme digests of the 1.3-kb fragment with NdeI and SpeI, the 1.4 kb fragment with SpeI-BglII and ligation of both fragments to NdeI-BglII digested pCDL617 generated a vector (pCDL 618) in which the IQ1 domain had been replaced by a target sequence for SpeI. This vector (pCDL 618) was linearized with NdeI and introduced into a haploid wild-type strain MBY192. Genomic DNA was isolated from stable Ura + transformants and PCR performed using primers MOH344 (5'-TTGTAACTGGTGAGTCCGG) and MOH 314 (5'-ATATATTTAGTGAGTTTATCA). The resulting 2.5 kb fragment (encompassing bases 499 to 3002 of the myo2 + gene locus) was digested by SpeI to identify strains that had the myo2DIQ1 mutation as a chromosomal copy (MBY924).
The strategy employed to create yeast strains carrying a myo2DIQ1DIQ2 was similar to that used to obtain the myo2DIQ1 strain. PCR primers MOH808 (5'-CTCGATACCTTATTAGAG) and MOH809 (5'-GCGCGCACTAGTAGGCCCTTATTAAGTAG-TACTC) were used to generate a 1.2 kb fragment encompassing bases 2440 to 3711 of the myo2 + gene. Restriction enzyme digests of this 1.2 kb fragment with SpeI-BglII and ligation to the 1.3 kb fragment digested with NdeI and SpeI and NdeI-BglII digested pCDL617 (see above) generated an integration vector (pCDL 634) carrying the gene for Myo2p in which both IQ domains had been replaced by a target sequence for SpeI. This vector (pCDL 634) was linearized with NdeI and introduced into a haploid wild-type strain MBY192. The subsequent steps to identify strains that had the genomic copy of myo2 + replaced by myo2DIQ1DIQ2 (MBY925) were as described above.
Double mutant strains
Generation of cdc4-8, myo2DIQ1DIQ2 and cdc4-31 myo2 DIQ1DIQ2 strains were created by transformation of cdc4-8 ade6-210 ura4-D18 h + (MBY24) and cdc4-31 ura -h -(MBY354) with pCDL 634. Individual colonies were then screened by PCR using genomic DNA as template to identify strains that had the genomic copy of myo2 + replaced by myo2DIQ1DIQ2. The remaining 3 strains carrying point mutations in cdc4 (cdc4-A2, cdc4-A11 and cdc4-C2) and having both IQ domains of myo2p deleted were created by mating MBY119, MBY136 and MBY122 with MBY925, sporulation of diploids and replica plating free spores on minimal medium. Colonies that grew on minimal medium were selected since only cells carrying both mutations would have complementing nutritional markers enabling growth on minimal medium.
Immunoprecipitation and immunoblotting methods
S. pombe cells were lysed under non-denaturing conditions using a mini-bead beater and immunoprecipitation was performed as described (McCollum et al., 1995) . Western blotting was performed after separation by SDS-PAGE (10%) and immunoblotting to Immobilon-P membranes (Millipore). Primary antisera viz. aMyo2p & a-Cdc4p antibodies were used at a 1:400 dilution while a-Pk (Serotec) and a-c-myc antibodies (Sigma) were used at 1:1000 dilution. Detections for the Western analyses were done via chemiluminescence using peroxidase-conjugated rabbit and mouse secondary antibodies (Sigma) at 1:4000 dilutions.
Fluorescence microscopy
S. pombe cells were fixed for 1 minute using 3.7% formaldehyde, permeabilized using 1% Triton X-100 and stained with DAPI (4', 6-diamidino-2-phenylindole) for nuclear visualization and rhodamine-conjugated phalloidin for visualization of actincontaining structures as described (Balasubramanian et al., 1997) . Anti-Cdc4p antibodies were used at a dilution of 1:100 and detected using Alexa-conjugated secondary antibodies from Molecular Probes Inc (Eugene, OR). All fluorescence microscopy was done using a Leica DMLB microscope with appropriate filters, Optronics DEI-750T cooled CCD camera and Leica QWIN software. Image processing was done on Adobe Photoshop 3.0 and processed using Canvas 5.
Results
Strains with inherent deletions of the essential and regulatory light chain binding regions of Myo2p show no overt mutant phenotype
Myo2p, the type II myosin in S. pombe, has two lightchain binding sequences or IQ domains viz. IQ1 and IQ2 (May et al., 1997) . Previous work has shown that the IQ2 domain of Myo2p functions in an autoinhibitory manner . This inhibition was relieved by the binding of the regulatory light chain Rlc1p. In order to determine whether a similar interaction existed between the putative essential light chain in S. pombe (Cdc4p) and the IQ1 domain, integration vectors containing the myo2 gene sequence were constructed wherein the gene sequences encoding the two IQ domains were eliminated individually, and in tandem. Strains of wild-type S. pombe containing single, chromosomally-integrated copies of these plasmids were generated by transformation of haploid wild-type strains with these vectors, growth on selective medium and verification by PCR. Lysates of cells from WT, myo2DIQ1, myo2DIQ2 and myo2DIQ1DIQ2 strains were run on SDS-PAGE and probed with antibodies to Myo2p to verify expression of mutant protein levels as compared to wild-type levels (Fig. 1A) . We were unsuccessful in resolving Myo2DIQ1p (deletion of 11 amino acids) and Myo2DIQ2p (deletion of 23 amino acids) from Myo2p using SDS-PAGE. However, Myo2p with the entire neck region deleted (a deletion of 49 amino acids) ran at a distinguishable distance from Myo2p on SDS-PAGE. Interestingly, strains bearing myo2DIQ1, myo2DIQ2 and myo2DIQ1DIQ2 chromosomal copies were indistinguishable from wild-type strains in colony formation and showed no obvious phenotypic changes ( Fig. 1B and Table I ). Thus the IQ1 (this study), IQ2 and the entire neck region (this study) are dispensable for cellular viability in S. pombe.
Cdc4p, the type II myosin essential light chain, also binds weakly to IQ2
Based on the NMR structure of Cdc4p and observed interallelic complementation between mutant alleles of Cdc4p (Nurse et al., 1976) it has been hypothesized that two Cdc4p molecules may associate to perform simultaneous structural roles as ELC and RLC. Pursuing this hypothesis one might speculate that the deletion of either IQ1 or IQ2 domain might lead to Cdc4p binding to the remaining domain on Myo2p. Alternatively, it might bind to hitherto undetected regions of the myosin molecule. In order to ascertain this, we used the myo2DIQ1, myo2DIQ2 and myo2DIQ1DIQ2 strains in co-immunoprecipitation studies. Cell lysates from this strain were prepared and immunoprecipitated with antibodies against Cdc4p. Following immunoprecipitation, the immune com-lexes were studied by immunoblot analyses using antiMyo2p and anti-Cdc4p specific antibodies (Fig. 2) . While Myo2p that had the IQ2 domain deleted still bound Cdc4p at nearly wild-type levels, elimination of the IQ1 domain still permitted residual binding of Cdc4p to Myo2p. The residual binding was evident when approximately twofold excess of immune complexes prepared from the IQ1-deleted strain were analyzed. While the IQ1-based interaction is consistent with prior work, previous studies with Myo2pR770A failed to detect any residual binding (Naqvi et al., 1999) . There are several possible ways to explain this inconsistency. As discussed by Naqvi et al. (Naqvi et al, 1999 ) the residual binding might have been simply below the detectable levels. Alternatively, the Myo2pR770A mutation might represent a dominant allele that prevents the residual interaction of Cdc4p to IQ2. Deletion of both IQ1 and IQ2 domains completely eliminated Cdc4p binding, even when twofold excess of immune complexes were analyzed. We concluded that the IQ1 domain represents the region of maximal binding of Cdc4p and that Cdc4p is capable of binding to the IQ2 domain of Myo2p to a small extent. The complete loss of Cdc4p binding upon deletion of both IQ domains on Myo2p could be extrapolated to indicate a lack of additional binding sites for Cdc4p on Myo2p.
Viability of strains lacking Myo2p IQ domains is not a consequence of compensation by Myp2p
A second type II myosin Myp2p is essential for cytokinesis under specific growth conditions and has been proposed to cooperate with Myo2p to increase the efficiency of cytokinesis (Bezanilla et al., 1997; Motegi et al., 1997) . There is also evidence indicating that there may be an over- 
Genetic evidence indicating that Cdc4p has multiple essential targets
As proposed from studies on Dictyostelium (Uyeda and Spudich, 1993) and experimentally demonstrated by Naqvi et al. , the autoinhibitory nature of the IQ2 domain of Myo2p is relieved by the binding of Rlc1p. We attempted to determine whether the IQ1 domain in Myo2p plays a similar role. If Myo2p were the only essential target, defective cytokinesis as observed in strains carrying point mutations in cdc4 should be suppressed by deletion of IQ1 or the entire neck region of Myo2p. If Cdc4p has additional targets, the strain of the genotype myo2DIQ1DIQ2cdc4 ts should still show abnormalities. We checked whether deletion of the IQ1 domain rescued the severe mutant phenotype in 5 known cdc4 alleles. Alleles of cdc4 viz. cdc4-A2, cdc4-31, cdc4-C2, cdc4-A11, cdc4-8 have single amino acid substitutions leading to varying degrees of mutant phenotypic morphologies at the restrictive temperature. In the most severe phenotype, cells arrest at cytokinesis as elongated, irregular shaped cells with multiple nuclei and aberrant septa. A possible reason for this aberrant cellular phenotype might be the inability of mutant Cdc4p to relieve autoinhibition arising from the IQ domain of myosin. In order to ascertain if this were the case, we generated strains that had both IQs of Myo2p deleted and mutant Cdc4p and examined them at both permissive and restrictive temperatures. The aberrant phenotype of cells with mutant Cdc4p at the restrictive temperature was not rescued upon deletion of the IQ domains of Myo2p (Fig.  4A) . The cdc4-A11 and cdc4-C2 mutants are capable of colony formation, although the cellular morphology is highly aberrant. We established that the multinucleate phenotype of cdc4-A11 and cdc4-C2 was not rescued by the deletion of the neck region of Myo2p in these cells (Fig. 4B) . The absence of an altered phenotype in IQ1D cells does not rule out the possibility that the IQ domain may be acting in an autoinhibitory manner analogous to that shown for the IQ2 domain . The fact that none of the cdc4 alleles with a strong mutant phenotype at the restrictive temperature are rescued suggests that Cdc4p apparently interacts with additional proteins. Dysfunctional association between mutant Cdc4p and these unknown protein/proteins probably leads to the severe cytokinetic defects observed.
Cdc4p interacts with other actomyosin ring components in addition to Myo2p and Myp2p
Since Cdc4p appears to have additional binding partners, we asked if these partners would target Cdc4p to the actomyosin ring and the exact stage of the cell cycle at which Cdc4p appeared at the ring. We first determined whether the localization of Cdc4p at the ring requires Myp2p. Immunofluorescence studies were performed in which WT, myp2D , myp2D myo2DIQ1 and myp2D myo2DIQ1DIQ2 strains were stained with antibodies against Cdc4p. Cdc4p still localized to the actomyosin ring in the medial region of cells during both early and late mitosis (Fig. 5) . This experiment reaffirms that Cdc4p probably associates with some other proteins that enables its localization at the site of cell division.
Cdc4p interacts with IQ-domain containing actomyosin ring components Myo51p and Rng2p
In an attempt to identify additional binding partners for Cdc4p, it seemed logical to first examine proteins that were already known to contain IQ domains. We therefore checked to see whether Cdc4p also served as a light chain for the type V myosins in S. pombe. There are two type V myosins in S. pombe, Myo51p and Myo52p, both of which contain six IQ domains. While Myo51p is a non-essential component of the actomyosin ring, Myo52p is important for cell growth, cell polarity and transport of secretory vesicles for septum formation (Motegi et al., 1997; Win et al., 2001) . Both Myo51p and Myo52p were tagged with myc13c epitopes and their interaction with Cdc4p was checked by co-immunoprecipitation studies. Lysates were prepared from these strains and immunoblotted. Immune complexes prepared with anti-Cdc4p contained Myo51p and antibodies against the c-myc epitope precipitated Cdc4p (Fig. 6a ). An interaction between Myo52p and Cdc4p, if any, could not be detected using co-immunoprecipitation studies (data not shown).
The IQGAP protein Rng2p contains a calponin homology (actin-binding) domain, coiled-coil domains, IQ domain comprised of 11 IQ sequence repeats, and a Ras-GTPase-ac- Fig. 3 . Deletion of Myp2p in conjunction with the deletion of both IQ domains of Myo2p has minimal effect phenotypically. Cells belonging to WT, myp2Dmyo2DIQ1, myp2Dmyo2DIQ2 and myp2Dmyo2DIQ1DIQ2 genotypes were stained with DAPI and rhodamine conjugated phalloidin to visualize nuclei and F-actin respectively. tivating (Ras-GAP) domain. A synthetic lethal genetic interaction has already been demonstrated between rng2-D5 and cdc4-8 (Eng et al., 1998) . To determine whether Rng2p and Cdc4p interacted physically, we used a strain expressing a functional Rng2p-Pk fusion protein. Cell lysates were prepared from this strain and immunoprecipitated with antibodies against Cdc4p or the Pk tag. Following immunoprecipitation, the immune complexes generated were analysed immunologically using anti-Cdc4p or anti-Pk antibodies. Anti-Cdc4p antibodies bound Rng2p and anti-Pk antibodies bound Cdc4p thus verifying a specific interaction between Rng2p and Cdc4p (Fig. 6B) . Thus, Cdc4p interacts with IQ domain containing actomyosin ring components Myo51p and Rng2p in addition to its association with Myo2p and Myp2p.
Discussion
The contractile actomyosin ring in S. pombe is a pivotal component of the cytokinesis machinery whereby one cell divides into two daughter cells. Several concerted endeavours have been made in recent years to identify the main components of this structure, which assembles during early mitosis, contracts at the final stages and dissipates in synchrony with septum deposition. The proteins known to constitute intrinsic units of this structure include products of the cdc3, cdc4, cdc8, cdc12, rng2, (Chang et al., 1996; Nurse et al., 1976) , rng3 , rng4, rng5/myo2 , rlc1 and myp2 genes (Bezanilla et al., 1997; May et al., 1998; Motegi et al., 1997) . Both myo2 and myp2 are type II myosins and have two IQ domains each, at which binding of essential and regulatory light chains is likely to occur (Bezanilla et al., 1997; Kitayama et al., 1997; May et al., 1997; Motegi et al., 1997) . A putative S. pombe regulatory light chain for myosin (Rlc1p) was cloned based on the sequence similarity of an open reading frame in the S. pombe genome (SPAC926.03) to the myosin II RLCs from Japanese squid, rat and Drosophila. The main role played by this regulatory light chain in S. pombe was determined to be elimination of the inhibition imposed by the IQ2 region of the myosin heavy chain which appears to behave as a cis-inhibitory domain of myosin function . The gene for the essential light chain for myosin, cdc4, was isolated in an early genetic screen for S. pombe mutants defective for cell cycle progression (Nurse et al., 1976) . Genetic sequence analyses indicated that the predicted gene product of cdc4 corresponded to a 141-amino acid polypeptide with close sequence similarity to calmodulin, an essential calciumbinding regulatory protein (McCollum et al., 1995) . This was further corroborated in NMR solution studies which indicated that the Cdc4p polypeptide fold had 4 EF-hand domains . However, no binding of calcium ions to essential light chains has been reported so far.
In this study, we have extended our structure-function studies of Myo2p. We have created and characterized strains deleted for the IQ1 domain as well as the entire neck region of Myo2p. Biochemical analysis of Cdc4p binding established that the IQ1 site, as described previously (Naqvi et al., 1999) , represented the major binding site for Cdc4p on Myo2p. However, we were able to detect some residual binding of Cdc4p to the IQ2 site on Myo2p. Based on a number of factors, including determination of the solution structure of Cdc4p and interallelic complementation between known cdc4 mutants, a model was recently suggested wherein Cdc4p could conceivably associate with Myo2p at both IQ domains thus behaving as both an RLC and an ELC . Our experimental data tends to support this model since deletion of the IQ1 domain in Myo2p significantly reduces but does not abolish Cdc4p binding completely. These data concur with our previous finding that the IQ1 domain is the site where the vast majority of Cdc4p binds, but differ in that residual binding was not observed previously. While the reason for this difference is unclear, it is possible that the Myo2pR770A represents a dominant allele of Myo2p that prevents binding of Cdc4p to IQ1 and IQ2. Alternatively, the residual binding to IQ2 might have been detected in this study as we have consistently used twofold higher immune complexes than were used previously. That the residual binding is necessarily at the IQ2 domain is apparent from the complete elimination of Cdc4p binding when both IQ1 and IQ2 domains are deleted from Myo2p. Deletion of Rlc1p, the regulatory light chain binding to IQ domains in both Myo2p and Myp2p has been shown to result in cytokinetic defects that are most severe at lower temperatures . Given that Cdc4p also binds to IQ2 sequences, as described in this study, an attractive possibility is that while Cdc4p is the only essential light chain, it possibly substitutes for Rlc1p at higher temperatures.
We have shown that the deletion of IQ1 domain of Myo2p in S. pombe has minimal effect on cell growth and morphology suggesting that the IQ1 domain may be either inhibitory or non-essential. The lack of an overt phenotype upon deletion of the IQ1 sequences parallels the situation 4 . Deletion of IQ domains does not rescue the cdc4-ts phenotype in allelic mutant strains of cdc4. A WT strain and five different allelic strains of cdc4 carrying point mutations in cdc4 (A,WT; B,cdc4-8; C,cdc4-31; D,cdc4-A2; E,cdc4-A11; F,cdc4-C2) were compared to strains carrying both a point mutation in cdc4 and having both IQ domains of Myo2p deleted (strains labelled with lower case letters). Both sets of strains were checked for colony growth characteristics at permissive (24°C) and restrictive temperatures (36°C). Strains E, e, F and f were stained with DAPI to verify that the morphology of these cells was aberrant despite these strains' ability to form colonies at the restrictive temperature. WT cells were stained as controls.
obtained upon deletion of the IQ2 domain of Myo2p in S. pombe . Similarly it has been reported that deletion of the six IQ sites in the type V myosin in S. cerevisiae (Myo2p) resulted in a strain that grew at 90% the rate of a wild-type strain (Stevens and Davis, 1998) . Deletion of Mlc1p, the light chain binding to Myo2p in S. cerevisiae resulted in cells with elongated buds as a result of failed cytokinesis (Stevens and Davis, 1998) . We therefore favour the idea that the IQ1 domain of Myo2p in S. pombe also acts in an autoinhibitory manner, with the autoinhibition being relieved by the binding of the essential light chain, Cdc4p. Whether IQ domains behave as autoinhibitory elements in all IQ-domain containing proteins remains to be ascertained. The localization of Cdc4p at the medial actomyosin ring structure despite the deletion of IQ domains in Myo2p and deletion of Myp2p implies the existence of additional binding partners that participate in actomyosin ring function and cell division. This conclusion is further reinforced by the fact that cdc4 ts mutants are not suppressed by deletion of its binding sites on Myo2p, in contrast with the ability of myo2DIQ2 to rescue rlc1-null mutants. Our data are in contradiction with that obtained by Motegi et al. (Motegi et al., 2000) who state that the cdc4 ts phenotype at the restrictive temperature is rescued by deletion of both the IQ domains of Myo2p. This discrepancy in results may be a consequence of ectopic expression of Myo2dIQ based on a pGFP81 plasmid in a cdc4ts myo2D background as opposed to expression of Myo2DIQ1DIQ2 under control of the native promoter sequences in the current study. Cdc4p function is essential for actomyosin ring assembly since cdc4-null spores arrest on germination as elongated, multinucleate cells lacking observable ring structures (McCollum et al., 1995) . We speculate that Cdc4p interacts with several IQ-domain containing proteins that are central to cytokinesis.
We have begun a preliminary analysis to identify other actomyosin ring proteins that interact with Cdc4p. We have shown that the ring proteins Rng2p (related to IQGAP1) and Myo51p (a type V myosin heavy chain) interact with Cdc4p. These proteins therefore represent new partners to Cdc4p, in addition to the previously characterized interactors, Myo2p (Motegi et al., 1997; Naqvi et al., 1999) , Myp2p (Motegi et al., 1997) , PIK1p , and Vps27p . Interestingly, Rng2p is essential for actomyosin ring assembly, raising the possibility that Rng2p might indeed be an essential partner of Cdc4p. Rng2p has also been shown to interact with another EF-hand protein, Cam1p, a protein related to calmodulins, suggesting that Rng2p indeed interacts with multiple EF hand proteins (Eng et al., 1998) . The physical interactions between Rng2p and Cdc4p are also consistent with genetic interactions described previously between rng2-D5 and cdc4-8 mutants (Eng et al., 1998) . A similar interaction has previously been reported in the budding yeast S. cerevisiae. Mlc1p, the S. cerevisiae myosin light chain has been shown to interact independently with a type V myosin Myo2p and the IQGAP-like protein Iqg1p (Boyne et al., 2000; Shannon and Li, 2000) . Light chains may therefore serve as conduits between signalling pathways and the actin cytoskeleton. Future studies should indicate whether the IQ domains in Rng2p are dispensable, and if deletion of the IQ domains of Rng2p would rescue the temperature-sensitive lethality of a cdc4-8 myo2DIQ1DIQ2 strain. It will also be important in the future to characterize the precise role of Myo51p (a type V myosin heavy chain) in actomyosin ring function. Finally, the roles of the PIK1p and Vps27p in Cdc4p function and cytokinesis will be important to decipher. Non-denaturing lysates prepared from a myc13c-tagged myo51 strain (Lane 1) were immunoprecipitated with antibodies to myc13c (Lane 2), Cdc4p antisera (Lane 3), a non-specific rabbit IgG (Lane 4). Protein-A sepharose beads with no primary antibody added was treated with non-denatured myc13c-tagged myo51 lysate to verify that no proteins were precipitated non-specifically (Lane 5). Upon electrophoresis of the lysates and immune complexes and transfer to PVDF membrane, the portion of the blot above 79 kDa was probed with antibodies to c-myc and the portion of the blot below 40 kDa was probed with antibodies to Cdc4p. B) Cdc4p associates with Pk-tagged Rng2p. WT and rng2-Pk strain lysates were run in Lanes 1 and 2, respectively. Non-denaturing lysates of the Pk-tagged rng2 strain were immunoprecipitated with antibodies to Cdc4p (Lane 3), anti-Pk antisera (Lane 4) and a non-specific rabbit IgG (Lane 5). Protein-A sepharose beads with no primary antibody added was treated with non-denaturing lysates of the Pk-tagged rng2 strain to verify that no proteins were precipitated non-specifically (Lane 6). Lysates and immune complexes were resolved via SDS-PAGE and transferred to PVDF membrane. The portion of the blot above 79 kDa was probed with antibodies to Pk and the portion of the blot below 40 kDa was probed with antibodies to Cdc4p.
